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PURPOSE: This collection of articles is intended for research physicists and engi-~- 
neers. -It can also be used try instructors and students at universities. 


COVERAGE: The articles of this collection contain the results of 19 studies in 
transport problems and the general theory of relativity made from 1956 to 1958 
by the staff of the kafedra obshchey fiziki 1 teoraticheskoy fiziki Kazakhskogo 
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Physics of the 5.M. Kirov Kazakh State University). The articles are arranged 
in two groups. Group one contains 16 articles concerning the research activity 
of the teplofizicheskaya laboratoriya pri kafedre obshchey fiziki (Heat Physics 
Laboratory of the Department of General Physics) in the investigation of trans- 
port processes of matter, impulse and energy; group two contains three articles 
reporting on studies of the Department of Theoretical Physics on problems of the 
theory of relativity. Article one of the collection is an 4ntroduction and ree 
views the problems of transport processes and gives 4 fairly detailed bibliog- 
raphy of contributions of members of physics department of Kazakh State Uni- 
versity. No personalities ars mentioned. References accompany each article. 
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Soveshchaniye po prikladnoy gazovoy dinamike. Alma-Ata, 1956 


Trudy (Transactions of the Conference on Applied Gas Dynamics) Alma - 
Ata, Tzd-vo_ AN MACS HIsK yy SSR, 1959. 235 p. Errata slip inserted. 
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Sponsoring hgohoy? Kazakhskiy gosudarstvennyy universitet imeni S.M. 
Kirova, 


-Ed.: V.V. ae vera? jfech. Ed.: 2.P. Rorokina; Editorial Board: 
L.A; Vulis (Resp. Ed. ¥¥'V.P. Kashkarov, T.P. Leont'yeva, and B.P. 
Ustimenko. 


PURPOSE: “This book should be of interest to scientists and engineers 
"working on problems of applied gas dynamics and may be of use to 
' students. 


COVERAGE: This book presents reports end brief summaries of the dis- 
cussions which took place at the Conference on Applied Gas Dynamia 
4n Alma~Ata in October 1956. The conference was subdivided into three 
areas’ of applied gas dynamics: jet flows of fluids and gases, the 
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. Transactions of the Conference (Cont.) 80V/2271 


“aerodynamics of heating processes, and the discharge of a fluid. 
The practical value of the "Transactions of the Conference" 
consists in the development of theory, methods of technical cal-~ 
culation and méthods for systematic measurement applied to heat- 
ing, furnace, and other industrial processes for which, in most 
cases, aerodynamic phenomena are decisive factors. 
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AUTHORS : Vulis, L.A. and Luk'yanov, A.T. 

TITLE : Electrostatic integrator 

PERIODICAL: Referativnyy zhurnal, Avtomatika i radioelektronika, 
no. 9, 1961, 15, abstract 9 BLOO (V sb, Issled. pro- 
taessov perenosa. ~- Vopr. teorii otnositel'nosti, 
Alma-Ata, 1959, 65~88) 


TEXT: The operating principles of an integrator intended 


for solving partial differential equations of the heat conduction 
type are described. The main operating part is a collection of cap- 
acitors which imitate a discrete (finite-difference) representation 
of the problem. For this purpose a definite number of elements form 
part of the integrator, each of them corresponding to a certain 


part of the physical system investigated. An eiement consists of 
two series connected capacitors which are in turn connected to ad- 
jacent capacitors; one switching cycle corresponds to one unit of 
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time interval. The system provides for the npecification of sources, 
and for solving problems with variable coefficients. The theoreti-~ 

cal circuit diagram of the device, containing in addition to the 
capacitor? switch, stabilized supplies and measuring instruments, 7} 
is described. Examples show how the problem of cogling plates is 
solved. 11 figuras. 2 tables. 11 references. Abstracter's 

note: Oomplete translation_/ 
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TITLE: Static Analog Devices \ 


PERIODICAL: (eseay Akademii nauk KazSSR, 1959, Nr 9, pp 53-58 
USSR 


ABSTRACT: - The article deals with an entirely new type of analogs, 
the static electrointegrators (SEI). Having been un- 
der development at the Problemnaya teplofizicheskaya 
leboratoriya Kazakhskogo universiteta (Laboratory for 
Thermal and Physical Problems of the Kazakh University) 
since 1957, they greatly simplify the computing methods 
and at the same time widen the scope of problems to be 
investigated. The static electrointegrators have al- 
ready been used for computing diffusiou of neutrons as 
well as for solving nonlinear problems pertaining to the 
theories of heat conductivity and hydrodynamics (Figure 
2). The article also mentions two additonal SEI models 
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Static Analog Devices 


the first being practically an electric analog of D. 
V. Budrin’s hydrostatic integrator ané the second an 
SEI with an ohmic-type, moving computor devicé (Figures 
3 and 4). The latter has a ereat advantage as it can 
make calculations by dividing the space-time component 
into as many elements as desired. In addition to this, 
the SEI with an ohmic-type moving computor device has 
small dimensions, its only bad point teing the neces- 
sity to make intermediate entries. The article also 
mentions the Problemnaya laboratoriya kafedry obshchey 
fiziki Kazakhskogo universiteta (Problem Laboratory of 
the General Physics Faculty of the Kazakh University). 
There is 1 graph, 1 set of graphs, 1 set of hookups, 1 
photograph, and 12 references, of which 2 are American 
and 10 Soviet. 
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"Boundary Layer of Compressible Gases on the Surface of a Burning Body.” 


report presented at the First All-Union Congress on Theoretical and Applied 


Mechanics, Moscow, 27 Jan - 3 Feb 1960. 
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"The Propagation of Viscous Streams (Jets) On the Surface of Bodies." 


report presented at the First All-Union Congress on Theoretical and Applied 
Mechanics, Moscow, 27 Jan - 3 Feb 1960. 
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"Liquid-Flow Analogy in the Treatment of Problems Concerning the 
Propagation of Turbulent Jets." 


report presented at the First All-Union Congress on Theoretical and Applied 
Mechanics, Macow, 27 Jan - 3 Feb 1960. 
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(Study of transfer processes, Problems in the theory of 


relativity] Issledovanie protsessov perenosa. Voprosy 
teorii otnositel'nosti, Alma-Ata, eae Cr Kazakhskoi 


SSR, 1960. 161 p. (Its Trudy, 10.2) RA 17:3) 


i. Alma-Ata. Universitet. 
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AUTHOR: Vulis, L.A. 


ee 


TITLE: On the role of temperature pulsation in turbulent 
combustion 


PERIODICAL: Referativnyy zhurnal. Mekhanika, no. 10, 1961, 83, 
abstract 10 B594 (V sb. 3-e Vses. soveshchaniye po 
teorii goreniya, v. 1, M., 1960, 91-99) 


TEXT ; The influence of pulsations of temperature and the 
connected pulsations of speed on the process of turbulent combus- 
tion is considered. Making use of the theorem of K.I. Shchelkin on 
surface combustion, the author constructs a model for calculating 
the time of complete combustion in a turbulent flow of a homogeneous 
mixture, and obtains the relation of dependence of the time of com- 
plete combustion and also (for a known dependence of the time of 
complete combustion on various factors) the dependence of the dim- 
ensions of the zone of complete combustion, the velocity of flame- 


APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001961310013-6" 


"APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001961310013-6 


ST remanent NYG Fe 


za} 
' 


1293 | 
; §/124/61/000/010/028/056 
On the role of temperature... D251/D301 


spreading and the evolution of heat on the turbulent pulsations of 

temperature and velocity. The theoretical dependence is satisfac-~- 

torily confirmed by known experimental data. 13 references. 
Abstracter's note: Complete translation _/ 


Card 2/2 4 


APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001961310013-6" 


"APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001961310013-6 


Rina | 


iia : 
<< _VULIS, Lede 


“Calculation of turlmlent free flow by the use of the equivalent 

problem of the theory of heat conductivity. Izv. AN Kazakh, 

SSR. Ser. energe noe2:60-67 160, (MIRA 14:3) 
(Jets—-Fluid dynamics) 
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ARETORH, Le; YULIS, LA. ; USTIMENKO, B.P. 


Hydrodynamic theory of heat transfer applied ‘: 

liquids with small Prandtl numbers. Izv.AN Kazakh. 

SSB Ser.energ. noe2:76-89 '60. (MIRA 1327) 
(Hydrodynamics) (Heat--Transmission) 
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AUTHORS; Vulis, L.A,, Kashkarov, V.P, 

ae ee 
TITLE; Heat acnditions of the boundary layer during heterogerieous combus- 
tion 


PERIODICAL: Referativnyy zhurnal, Metallurgiya, no, 6, 1%1, 1, abstract 6B1 (Vv 
Bb, "ye Vses, soveshchaniye po teorii goreniya, v, 2, Moscow, 1960, 
98 - 106) 


TEXT: The authors solved a system of equations for a flat iaminar boundary 
layer of compressible B88, consisting of equations of motion, continuity, energy, 
diffuoton and state, Dependences wore obtained which made 1% possible to find 

the distribution of Velocities, temperature and concentration, and aleo ignition 

and oxtinetion conditions in the boundary layer for a plate passed around by a 
homogeneous flow of vissous gas, An anslogous problem for the Jet flow around a \ 
coné is briefly mentioned, The authors present correlations between two dimena 
Slonlasa parameters, determining the combusticen process, for 2 different, types 

of process, t,e, a "hysteresis’ and a "non-orisie” process, For the rapid motion 
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AUTHORS: Vulis, L, A,; Yershin, Sh,A, 
TITLE: On the aerodynamioal theory of the gaseous tongue of flame 


PERIODICAL:. Referativnyy zhurnal, Mashinostroyeniye, no. 12, 1961, 22, abstract 
12118 (V sb. "3-ve Vses, soveshchaniye po teorii goreniya, v, 2", 
Moscow, 1960, 219-227) 


TEXT; ~~ The authors presen a brief survey on investigations of the aero- 
dynamical theory of the gaseous tongue of flame based on the idea of an infinite 
reaction rate of combustion, This assumption leads to a scheme of diffusion 
combustion as in the case of both unmixed gases ‘and -homogeneous mixtures, The 
latter: case is investigated in.detail. If for the case. of combustion of unmixed 
gases the equation systam is complete, since the flame front is found from the 
stoichiometria relation of. the. flows of the reacting, components, en additional... 
assumption on the position of the flame front is necessary for the flame tongue 
of a homogeneous mixture, In order to solve this problem, the condition of the 
gas-dynamic scheme of the flame front is taken as an oblique heat discontinuity, 
In such a scheme ths whole range of flame tongue is replaced by the surface of 
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discontinuity in the. velocity, temperature, mixture composition, ect, Equations 
of. pontinuity, momentum and ‘energy. are written down, andthe dependence: is 
derived of the gas-dynamio parameters on angle %, - the slope of the flame. front ~ 
relative,to the ;normal to the lines of the flow.up to the discontinuity. It is 
assumed, that; the solution sought-for-is taking place at the maximum deviation 
angle of theslines,of-the flow in the discontinuity.. At a given heat releage . 
characteristics (ratip. of the thermal effect to the initial enthalpy) of the order 
5-7 the magnitude of %, is near to 70, In this case the angle of slope of the 
flame front does not depend on the flow velocity and only slightly depends on the 
heat release characteristic, A comparison of these results with the test data 
shows that: actually, as‘this follows also from the "aerodynamical scheme", a 
certain warming-up of the fresm mixture, its expansion and a deviation of the 
lines of the flow to the flame front, can be always observed. Owing to this a 
value = 83 is obtained at the Nyrner with an ordinary flame front, while 
with an Inverted flame (behind the stebilizer) value &, = ° ‘fhe authors 
‘analyze the problem of an increased flow velocity behind the flame front, Also 
in this oase the conception of an oblique heat discontinuity was used and experi- 
mental checks were carried out, From a nozzle 20 mm in diameter across which a 
stabilizer (1.5 mm diameter wire) was fastened, a jet of gasoline vapors and air 
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mixed beforehand ‘flowed vertically upwards, With the aid of a special feeder 
fine quartz sand was fed into the flow, which was photographed when streaming 
‘gut from the nozzle, The particle speed behind the flame front was determined 
from the length of the trajectory and photographic exposure,- It was found that 
during the passing of the flame front the speed inoreased by a factor of 1.5 
which agrees with the theoretical results, There are 4 figures and 23 references. 


Sh. M. S, 


[Abstracter's note: Complete translation]. , 
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"Thermal Problems of 4 Boundary Layer at Heterogenous and 
Diffusive Combustions." 


Report submitted for the Conference on Heat and Mass Transfer, 
Minsk, BSSR, June 1961. 
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AUTHORS: ulis, dat ags Doctor of Technical Sciences, 
turvicn, A.M., Doctor of Technical Sciences, and 
Klinger, V.U., Candidate of Technical Sciences 


TITLE: Optical Modelling of Radiant Heat Exchange in Furnaces 
PERIODICAL: Teploenergetika, 1961, No.2, pp. 67-71 
TEXT: The general theory of similarity requires than an 


optical model should fulfil the three conditions: geometrical 
similarity; identity of optical properties of surfaces and media; 
and similarity in the distribution of radiation sources. A special 
feature of the optical modelling method developed in the Kazakh 
University is that it avoids fulfilling the third condition by 
determining on the model a system of optical-geometrical parameters. 
_When these are known it is possible to calculate the distribution 
of radiant fluxes with an arbitrary distribution of sources in the 
system in which only the first two conditions need be observed. 

Thus the technique of optical modelling is greatly simplified. 

The object of the present article is to direct attention to this 
method which is still not sufficiently widely used. Accordingly, We 
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the essentials of the method are described and practical results are 
given, In optical modelling of radiant heat exchange the radiant 
fluxes are so low that the temperature factor does not enter into 
the experiment. The method is nevertheless applicable to studies of 
furnaces where heat fluxes and temperatures are high, because the 
equations of radiant heat exchange are the same whatever the energy 
or spectral composition of the radial fluxes. The temperature 
distribution is determined in the model by the self-radiation 
distribution both in the volume and on the walls. From this the 
temperature distribution is calculated on the basis of the Stefan— 
Boltzmann law if an integral radiation is modelled; or by Wien's 
formula if the nature of radiation is being studied from separate 
spectral bands. The present article considers only integral 
radiation and assumes that the radiating walls and media have the 
properties of grey diffuse radiating and absorbing bodies. In 
“modelling, the object is sub-divided into a mumber of surface and 
volume isothermal zones. The optical properties of the surface 
zones are characterised by the mean absorption capacity and aay 
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of the volumetric zones by the attenuation factor of the medium. 
Modelling consists in constructing a geometrically Similar system 
of surfaces having optical properties identical with the original 
and a Similar distribution of isothermal zones, The attenuating 
properties required of the medium are discussed. The method is 
based on the principle of additivity of radiant fluxes which makes 
it possible to determine the optical-geometrical parameters of the 
model. If only one surface zone in the model is radiating, the 
dncident flux on different elements of surface can be measured. 
These incident fluxes will be both those received by direct but 
attenuated radiation and those reflected from other surfaces, By 
successively making one zone luminous after another and measuring 
the resultant incident fluxes, dimensionless absorption factors may 
be determined for various elements considered. Then the results 
are summated to determine the flux density incident on any zone 
from all the other zones. Simple formulae are derived and it is 
dhown that by tests on a single model and simple calculations it is 
possib)3 to solve a range of problems. The study of radiant a 
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exchange in the chamber of a stoker-fired furnace by optical 
modelling is then considered. A transparent plastic model in the 
shape of a cube of side 15 cm inside contained thin metal walls 
painted matt black. In one of the walls there were 64 holes which 
were used to measure the incident radiation. Various difficulties 
that arise in making the measurements are described. Experience 
has shown that they can be largely overcome if a thin layer of 
translucent celluloid with a matt surface is placed between the 
inner wall of the model and the outer. As incident radiation may 
be at any angle, the sensitivity of the pick-up should not depend 
on the angle of incidence, This condition is largely satisfied by 
a germanium photodiode operating as a valve. This photodiode has 
maximum sensitivity in the infrared where the absorbing capacity of 
ordinary water is fairly great. Accordingly water may be used as 
the attenuating medium in the model. The problem of modelling self- 
radiation of the medium filling the volume is overcome by having a 
Single source of radiation, moving it from place to place and 
~summating the results. The particular model described was sae a 
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into 64 zones. ‘The radiating element was a cube of transparent 
plastic, corresponding aseurately to the size of the Zone. The 
cube contained a small lamp; it was filled with water and the 
outside was covered with translucent celluloid. To check the 
experimental procedure a model was used to study the radiant output 

of a cylindrical source for which a method of calculation exists. 

{ The calculated and experimental results agreed within 5@ and the 

accuracy could easily be increased to 2-3%. The burning layer of 
fuel was represented by a flat illuminator with uniformly luminous 
matt surface. The measurements were made and for each unit of 
sub-division a tabie of 64. local values of absorption factor was 
drawn up. ‘There was no need to make 64 such tables; because of 
the symmetry of the model only 16 were required. The tables were 
then used to calculate absorption factors from formulae (3) and the 
distribution of incident fluxes on the walls of the model was 
determined for the case of a uniformly radiant mediun and a fuel 
layer. -Examples of radiant flux distribution of the model were 
plotted. Attention as recently been drawn to radiation We 
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Accordingly the 


difference between 


the actual operating conditions of screens and those which are 


influence on 


tubes and agreement was good. 


A study was made 


influence of the degree of blackness of the screen 
The method of 


Results obtained in tests on the optical 
surface were compared with calculated values for absolutely black 


of the 

tubes on the 
setting up 
and comparative data for 


further developed are discussed and it is recommended as a useful 


aid in calculations of heat exchange. 
There are 3 figures, 
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AUTHORS: Artyukh, L. Yu. ? Vulis, L. As ». Kashkarov, y. P. 
TITLE: Flow of gas around a plate with burning surface 


PERIODICAL: Inzhenerno-fizicheskiy zhurnal, v- 4, no. 3, 1961, 39-45 


TEXT: The authors investigated the flow of a homogeneous compressed gas 

around a burning plate. The variation in velocity, temperature, and concen- 
tration profiles along the plate was considered in the approximation ob- 

tained. The studies were devoted mainly to laminar flow in the boundary 

iayer along the plate. In order to find the "quasi-progressing" profiles u, 

{T, and c, solutions of transcendental equations of the heat theory of con- 
bustion are used, which are reduced to the boundary conditions on the sur- 

face of reaction. For this purpose, the boundary conditions of the surface 

of the plate are transformed into the form usually employed in problems of 

the thermal conditions of combustion. The transcendental equation (8) from 

Ref. 6 (Vulis, L. A. Teplovoy rezhim goreniya, GEI, M. -L., 1954) 
bat /[t + exp (1/6,) = (1/8) (6, - XO + prl9,, - 6, cell was graphically solved \ 
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in af- 6 plane. Fige. 1 and 2 illustrate typical results of these solu- 


tions. The schematic representation of the graphically determined results 
(Fig. 1) gives a clear picture of the dependence of the surface temperature 
on the velocity of the incoming flow, when the parameters of heat exchange 
and of the length x are given and various values of heat generation 
94>9524,>4, = O are assumed (B - point of ignition, fl-point of extinction, 


A and T - adiabatic and heat exchange, respectively). When the values of 
heat generation are given for two velocities of the incoming flow, the tem- 
perature variation along the burning plate shows (Fig. 2) that ignition of 
the plate takes place, if any at a certain distance from the front edge of 
the plate. The values of temperature and of concentration c. determined 
by a graphical solution of Eq. (8) according to the coordinate x, make it 
possible to construct the profiles of u, T, and c in the cross sections of 
the flow if all the other parameters are given. Fig. 3 shows the profiles 
for two cross sections (before and after ignition) as an example of such 

a construction. It was further shown that the state before ignition belongs 
to a kinetic combustion according to the nature of the process, and after 
ignition to the diffusion zone. This result is typical of a hysteretic 
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process of an exothermic heterogeneous reaction if combustion takes place 
only in the vicinity of the diffusion zone. The authors point out that, in 
principle the obtained solution may be generalized to the case of a burning 
plate with a turbulent boundary layer. More details about this case will 
be published in a special paper. From the practical standpoint, the present 
problem has to be treated as one of the limiting schemes of ignition and 
burning of bodies which move at high speed through the atmosphere. Mention 
is made of Dorodnitsyn, Ya. B. Zel’dovich. There are 3 figures and 7 refer 
ences: 6 Soviet-bloc. 
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AUTHORS: Vulis, L. A-, Palatnik, I. B. 
ncaa ei eae 
TITLE: Mechanism of turbulent mixing in gas flows 


PERICDICAL: Inzhenerno-fizicheskiy zhurnal, v. 4, no. 9, 1961, 5-11 


TEXT: The experimental arrangement shown in Fig. 1 was used to study the K 
turbulent mixing of a gas jet with a gas flow of different temperature. 

The limits within which the parameters of ges jet and gas flow were varied, 
are listed in Table 1. In their experiments, the authors determined the 
velocity head and the temperature distribution along the axis and over the 
cross section. The velocity head was measured with a Pitot tube 0.8 mm in 
diameter, and the temperature was determined by means of a platinum - 
platinum rhodium thermocouple. The turbulence of the gas jet and of the gas. 
flow at the exit section of the nozzle was measured by means of un 

QTAM-3A (ETAM-34) electrothermoanemometer. The flow velocities were 
computed from measurements of gue and AT. As characteristics for the 
intensity of turbulent mixing at a given point of the flcw, the following 
relations were used €= 1 - (qué) /(eu*), and 
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= - -~ m ~- : 
E, = 1 eis P/E, T,)s where the subscript m refers to the axis of 


the jet. These characteristics tend toward zero in’ the absence of 
mixing and toward unity with complete mixing: The authors determined ‘the 
function en = f(m), where (m? = (eu*),)s it may be seen from this function 


that at any given distance from the mouth of the nozzle, the quantity 1 -& 
and consequently, the conditions for a minimum mixing of the jet with the 

flow practically coincide at m= 1. In this case, jet and flow have the 

same velocity. The decisive role played by the density of the pulse flow 54 
in turbulent mixing may be seen from the function Ef, = f(m). Measurements 


were then obtained at one and the same point on the axis of the jet 

(x/d, = 5; x is the distance from the mouthpiece of the nozzle, and d, is 
ita diameter) at different temperatures. The relative disposition of the 
curves En = f(m) indicates that the damping rate of the jet varies with 


increasing temperature. The decrease of the quantity AT, AT, and also of 
ui /Y% with O= t/t? is greater than with @AY1. On tne basis of the 
“similarity of gue" it is shown that a universal dependence of (qu?) Mer”) 
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on x/4, on the axis of the jet is confirmed by the results of measurement. 
a 7 
Moreover, it was found that the quantity (gu? /eus) drops the more, the 


higher is the temperature of the gas jet. The mixing process accelerates 
slowly and continuously witns). iith slight heating the level of pressure 
pulses rose from 1-23 at UW = 1 to 10-12% at J = 3; with intense heating, 
“values of 3-4 and 12-1575 were obtained at the analogous values of W . 
G.N. Abramcvich is mentioned. There are 4 figures, 1 table, and 7 Soviet 
references. 


ASSOCIATION: Institut energetiki Ail KazSSR, ¢. Alma-Ata (Institute of 
Power Engineering AS Kazakhskaya SSR, Alma-Ata) 


SUBMITTED: June 21, 1960 


Fig. 1: Schematic representation of the experimental arrangement. 
Legend: (1) Outer tube; (2) inner tube; (3) nozzle for the central gas jet 
ae aee 10 mm); (4) nozzle for the outer gas flow (diameter, 250 mm); 

5) air intake for the inner tube; (6) centrifugal ventilator for the outer 


APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001961310013-6" 


"APPROVED FOR RELEASE: 09/01/2001 CIA-RDP86-00513R001961310013-6 


in TT 


Cones 


2A F 


- mea “)” $/057/61/031/007/008/o21 

a B111/B206 an ee 
3.2600 » | oe 
_ AUTHORS: . Vulis, L. A. and Gusika, P. L. ee 
TITLE: ‘The “reversal” cf effects in-magnetohydrodynamics ane 


: PERIODICAL! , Zhurnal tekhnicheskoy fiziki, v. 31, -no. 7, 1961, 806-818 


TEXT: The application of the "law of the reversal of effects" on steady 
quasi-unidinunsional flows of a conductive gas which is affected by hydro- | 
. ,and electrodynamic factors, is discussed. This law was formulated iby 
/ iL. A. Vulis (Ref. 1: DAN SSSR, 54, 669, 1946; 56, 799, 1947) in the gen- - 
eral for the unidimensional steady motion “of a gas, and has the form = 


. ay, - we 
ue ~ 1S = a? 4 ot (1), where Mis the Mach number, z the 


ie symbol for the rate of flow u, the mach number or'a state parameter of the. rae 
gas, x the direction ‘ofu, dw, /dx the "effect", and df/dx the sum of ef-.. Y- 


fects. By the "effects" dw, /dx the authors mean cross seotional changes of 


the channel, changes of the outflow rate, or supply and removal of energy 
in the form of work, heat, and friction. Of special interest in magneto- 
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hydrodynamics is the effect of the electromagnetic field on the flow of the 
conductive gas. This effect is studied in two aspects. 1) The passage. 
through the critical rate of propagation of disturbances in any dense 
moving medium is investigated by means of (1). 2) Thd dependence of the 
electric volumo force {and dissipation) on the rate’ of flow is investigated. 
The passage through sound velecity and the application of the "Law of the 
reversal of effects" in magnetohydrodynamics was explained by G.S. Golitsyn 
and K. P, Stanyukovich (ZhETF, 33, 6 (12), 1417, 1957) for finite, but large 
electric conductivity, i.e., great Re. The same study was conducted by ° 


E. L. Reslera.and W.R. Sears (ZAMP, 96, no. 5/6,°509, 1958; J. Aeron. Sei.,. 
25, no. 4, 235, 1958) for small Re, values. From the magnetohydrodynanic ey 


"fundamental ‘equations, the authoxs derive 2quation —< 


a 


dine, aR a ae 
(ON) Ge ae de at Ue). — 


) | | 


1 [de a) 1 / ap (<2 AQa9, a 
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for the reversal of effects, where F is the channel sross section, 9 the 
gravitational potential, L+, and Qy,p the frictional energy end -heat, L the 
mechanical energy, Q the heat from other heat sources. In tho next two: 
‘paregraphs, first the clectromagnetic effebt.and then the passage through - 
the hydrodynamic sound velocity are isolated and studied in detail. “For 
‘the general case cf the passage through the total magnetohydrodynamic sound 
velocity, , 


et ee, 


dx ~~ 1+ €42 dx az dx * jus 


(Mm? — 1) Zine 1 ‘Pf dinF 1-1 dQ: F)). (18) 


; : ’ ‘ ae 
holds for the “law of the reversal of effects", where ‘ii* = u2/(4 + fs), 
~ e. { 
H? = 4.4 42, ana for f holds f = 1/(1 - H"/Re -H') (20), OC f < 1. The 
primed quantities in (20) signify the derivation according to X= x/l. 4.4 
special case of this problem was dealt with by L. A. Vulis and ; , Vi 
K. P, Stanyukovich (Ref. 8: V: sb. "Issledovaniye protsessov perenosa. 
_ Voprosy teorii otnositel'nosti" - ("Investigation of transfer processes, 
_. Problems of relativity theory"), vyp. 2. Trudy KazGU, Uchpedgiz, Alma-Ata, 
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1960) and K. P. Stenyukovich (Ref. 9: Neustanovivshiyesya dvizheniye Ps 
sploshnoy sredy, GITTL, M., 1955)during the study of the gas lose of stars. a 7 
The studies conducted by the authors showed that the "law of the reversal 

of effects" on quasi-unidimersional steady flows of a conductive 68s can 
be applied for electromagnetic effects. In the general case, the reversal 

of the effects leads t6 a generalization of the mach number ff « u/ i, where ; 
@ is the total sound velocity in magnetohydrodynamics; for Ras > Vy : an 
a a? + v2 holds and for Re. S 1, X Wa, so that in general x° becomes 

a + a » Where f is determined from (20). oN Ye. Zhukovskiy is men--- 


tioned. There are 3 figures, 2 tables, and 13 references: 10 Soviet-bloc 

and 3 non-Soviet-bloc. 

ASSOCIATION: Kazaknskiy gosudarstvennyy universitet im. S. I, Kirova, 
3 Alma Ata (Kazakh State University im. S. M.. Kirov, Alma-Ata) 


SUBMITTED: July 25, 1960 ws 
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- AUTHORS: | Vulis,L. A. and Gusikea, P. L. 

TITLE:  — Hydro-gas-analogy in magnetohydrodynanics . - ak 


‘PERIODICAL: — Zhurnal’ tekhnicheskoy fiziki, v. 34, no. 7, 1961, 819-623 * 


TEXT: N. Ye. Zhukovekiy (Trudy TsAGI, no, 1, 1925) showed that the motion . oan 


of: an incompressible fluid in a closed channel is in many respects analo- .: 1s: 
gous to the isentropic motion of a compressible gae. It’ can be easily | °° oy - 
shown that this analogy is also kept up for the motion of conductive media - fe 
during the effect of electromegnetic forces. The equations of motion for — d : 
a plane isentropic flow of a compressible conductive gas, and those for a Re oe 
quasi-plane motion of a conductive linuid in closed:channels arc investi- oe 


fated. In the first part, the system 


; OP 4 9 (pu) os (te) 0, 


Ot dx 
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du du ; el 
. 4 - Pop Pu aia Ee a +h, a : age 
: 4 ‘ * ; xs 
Papua = + pu 2 =—#+[ ie] +4, gs (2) ; 


y: 
Cp T 4-5 =c, To 
‘ ‘ \ . r 


“te written sawn for the gas flow and in the second part, the system Raves 
: 7 r SU. 


1 i; 1-2 9 (fu) ts] ‘fo) a ; ® i 
; gE Ge EG =O, Gi: , e 
5% ry eae Iu? st To $e ee —gh? A Eat +f, ‘ , c 515 


sho = —ghtt yt (jel), +f, 
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» Me V/a - Prou 
‘pressure ratio p/p, - ratio of the squares of the heights h°/n?, tempera- 
_ ture ratio T/T)- height ratio nih; Alfvén number A = V /a = analogue of 


5/051/61/031/007 /o09/021 
B206 


hah, : (9) 


for a fluid flow with free surface. In both’ cases (Bul was considered, 

and from a comperison of the two systems it may be.seen that-they are 

analogous for ¢ = 2, The following analogues are compared: Mach number . ; 
te number Fr = V/c; density ratio e/a, - height ratio h/hos o 


the Alfvén number Z = V fe. In the last ratio, 18 YptH/g denotes the 


velooity of the magnetoacoustic oscillationa in a medium with infinite con- 
ductivity. These ratios form the basis for simulating flows of a conduc- | 
tive gas by means of the flows of a conductive liquid in a trough on appli- 


cation of electric and magnetic fields. For both cases the known relations 


7 curl Hf and 3 = o(B + iVuil}) hold for the flow density vector and 
dH/at = curl [Vi + v.72 for the correlation between magnetic field strength 
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and flow velocity. The completion of the initial equations by these two 
differential equations determines the conditions for electromagnetic » 
simulating. The main criteriun for both flows is the magnetic Reynolds 


number Re, - 1A, where ee 1/po is the so-called magnetic viscosity. 


and o the conductivity. As is shown, the anelogy’investigated here per- 
mits the variation of Re in a very wide range, For Re € 1, aerodynamic 


problems may be investigated, for RG "Pay problems of astrophysica, The. 


. authors inveatigata the fluid flow in an open channel with slowly changing 
width. Then, the continuity equation and the equation of motion are: 


dink 


* ax 


dew. Lind 
{- bo Pra op == 0, (14) 


Fut =~ ghtt + [yan,, 
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b= b(x) being the channel width, By means of ‘the Froude number 
| Fe oe u/Ygh, 


° dinu_ dinb— 1 | 
(Fr —1)"7- = a — yall), 18) 


is obtained for the flow velocity and 


rept. 3) ln Pet Frt\dInb 


= 3 é nee 
ne = 2-1 FA) eet 8 yan, . (17) 


for the Froude nunber itself, These equations are analogous to those ji. 
in ordinary gas dynamics and in magnetogasdynanics. They are discussed 
for Re € 1 and Re> 1. There are 6 references: 5 Soviet-bloo and 1 


non~-Soviet-bloc, 
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: . 8/051/61/031/012/011/013 
gree ae B104/B112 
AUTHORS: _ Vulis,! Lb. A., and Kashkarov, ¥. P. 


mre’ 


TITLE: ‘The local redistribution of the total energy in the boundary 
- layer of a compressible gas on the surface of & burning body 


PERIODIGAL:. Zhurnal tekhnicheskoy fiziki, v. 31, no. 12, 1961, 1477-1484 | 


‘8 
energy (total of kinetic energy plus physical and chemidal enthalpy) in ae | 
the boundary layer of a compressible gas which passes around the surface of u plat 


of a plate in a laminar flow and reacts with it by an infinitely fast 
heterogeneous reaction. The system of equations 


{ 
; { 
a. | | 


Ys 


a OT, Ye (day 


oT 
aE Sag Soa 


s eae a ae - . ! 
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"The local redistribution-of... BIO 
derived by: Ye. P, Vaulin (oun SSSR, 113, 6, 1957) is started from. For 
the y Boungary 22 bandit tone, a 
=O= =0, dy ele + aryDy on lw | =0; C=0 apy 1=0, = (2) 
i 
Oey, T= Tey c= =Co, ape eee 


this Syaten may. be transforned into a eysten of grdinacy/3 differential 
é squetzone : 


te ee ee fae eee Cee: 


TEP =, 


‘ Marr EOF 0) 
a © 20" 05F C= 0 


- by the: ‘gubstitufion wea, FI (yy P= 2s _ C« ~ (4), where 7 = - V0, Wha § 4 
wu and v are the Da saa has the veloosty veotory 


a Wn = “By + ul, Se Xs rat - \ ay are the Dorodniteyn variables, T and C 
ee ard “as Si o7°” , 
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are temperature and concentration, @ the gas density, q the heat of reaction, 
4 the thermal conductivity of the gas, o and Sy are Prandtl's heat and 


diffusion numbers, and C ie the specific heat of the gas. As solutions 


of this diffusion and heat-conduction problem, the profiles of velocity, 
temperature, and concentration of the reacting gas are plotted for 
different Prandtl numbers. B. A. Fomenko of the Laboratory for Problems 
of Thermal Physics of Kazakh State University is thanked for numerical 
calculations and plots. Ya. B, Zel'dovich (Teoriya goreniya i detonatsiya 
gazov. Izd. AN SSSR, Me, 1944) is mentioned. There are 9 figures and 

10 references: 8 Soviet and 2 non-Soviet. 


ASSOCIATION: Kazakhskiy gosudarstvennyy universitet im. S. M. Kirova 
(Kazakh State University imeni S. M. Kirov) 


| SUBMITTED; October 17, 1960 
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8/089/62/012/c04/002/014 
B102/B104 : 
ALL OCO 
AUTHORS: Vulis, L. A., Kostritsa, A. A., Kubyshkina, V. D. 
TITLE: Calculation and simulation of eptimal reactors with homogenized 


core (age appreximation) 


PERIODICAL; Atomnaya energiya, v. 12, no. 4, 1962, 283-291 

TEXT: The authors discuss some methods for calculating homogenized-core 
reactors with minimum critical mags and constant density cf released energy 

due to absorber redistribution in the core. By using the integrators 

described in earlier papers (Vulis, Kostritsa, Tr. KazGU, Alma-Ata, 1959; 

Izv. AN KazSSR, ser. energet. no. 14, 111, 1959; Vestnik AN KazSSR,.no. 9, 
1959), some characteristic functions such as the fuel density distribution es 
and the neutron density distribution are determined. ‘he equations for a 
reactor with nonuniformly distributed fuel are difficult to solve in age or 
multigroup approximation but easy by simulation methods. A one-dimensional 
static integrator designed for solving heat-conduction-type uquations with :con- 
otant factors is described and discussed. In prinoiple, reactor simulation 
needs two integvators: the first one for neutron moderation whose results 
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' ave fed into the second one which simulates thermal-neutron diffusion. For 


determining the minimum critical fuel mass, the function 


+1 (x-a)* 
: my 11 
@a)=— 141. | p(ae At da. ( ) 
oN St eras 
' is used; in this case, the moderator density nw, ow (x) 5 ~ ra 
= t =m 


[Ws (f,-T)/t; k = 1¥/(y¥+1); T, is the life-time of thermal neutrong in the 


reflector, 4 is the mean number of seondary neutrons per thermal neutron 


absorbed by the fuel; Vt is the moderation length, ty the thermal neutron 
age; all the parameters of the dimension of a length are taken as 
dimensionless. Calculations of the critical fuel maes ydx in age and two- 
Eroup approximations are comparad (Vable 1). For thermal-neutron density . 
smoothing by an additional absorber, 


T ee “4 

mes ere 2 

14 4 Zor y Br I+ p+y(r) ' (1 ) 
Zaz Lea 


= an 
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: ig used, where the sought function y(2) = ='(r)/Z a5 is proportional to 
, the density of the additional absorber whose absorption cross section is 


: Z='(r). = = ws the macroscopic absorption cross section ratio of fuel 


a3 
and moderator. In two-group approximation f(y) = é y(%) + ve | ; the 


- analytic form of f(y) and the criticality conditions are calculated in age 

, and two-group approximations for a plane, a cylindrical, and a spherical 
reactor. From a comparison of the results it may be seen that the age 

. approximation is well usable, and that neutron density smoothing problens 

. lead to heat-conduction-type equations solvable by static integrators. There 


are 5 figures, 2 tables, and 15 references: 7 Soviet and 8 non-Soviet. The 
four most recent references to English-language publications read as 


_ follows: G. Goertzel. J. Nucl.. Energy, 2, No. 3, 193, 1956; J. Wilkins. 
Nucl. Sci. Engng, 6, No. 3, 229, 1959; J. Ravets, J. Lamaroh. Nucl. Sci. 

- Engng, J, No. 6, 496, 1960; M. Duret, W. Henderson. Nucleonics, 16, No. 11, 
- 168, 1958. : 
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’ AUTHOR: Vulis, L. A. 
ea 
TITLE: An interpolation formula for transition region of flow 


PERIODICAL: Referativnyy zhurnal, Hekhanika, no. 11, 1962, 90, ab- 
stract 113659 (fr. In-ta energ. AN KazSSR, 1961, v. 3, 


409-121) VK 


MEX": @he author introduces a ‘measure of disorder! w(x) of the ' 


a 


; ' Gard 1/3 


- 
Gi. 


state of transition between laminar and turbulent flow conditions 


. L(t) - LO) Pn | ; 
tee mee OCT > 5, te ye Rona tO) os (1) 
where L(~) is an integral (resistance, heat loss) or local (veio- 


city profile, temperature profile, intensity of turbulent pulsa- 
tion) characteristic of flow, # is the coordinate of state (diffe- 
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rence between Reynolds' nuaber R and its lower criticul value ; 
Re wor at which the laminar flow loses its stability, L, corresponds 


- ad ine and L. to turbulent conditions. By analogy with relaxa- 


hes tion processes a is assumed that 


c(t) 2 ot ee i 


where A ig an empirical constant. From (1) and (2) an interpola- 
tion formula 


2 
L(V) = L, (at!) + [2,0¢) -~ L, ve)] (1 = ae *) 


. follows for the conditions of transition. Flow characteristics cal- 
_-culated from this formula are compared with experimental data (and 
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- the constants «° are determined). It is proposed to interpret © ag 
the probability of the viscous conditions predominating over the 
' pulsation conditions 


Be (relative gap between pulsations). 8 refern- 
ces. / Abstracter's note: Complete translation. _ 
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‘Local redistribution of the total energy in the boundary layer of 
a compressible gas near the surface of a burning body. “hur. tekh. 
fiz. 31 no.12:1477-1484 D ‘él. (MIRA 15:1) 


1. -Kazakhskiy gosudarstvennyy universitet imeni S.HM.Kirova. 
(Boundary layer) (Gas flow) 
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One of the interpolation formulas for the transition flow region. 
Trudy Inst.energ.’N Kazakh.8SR 3:109--121 '61, (MIRA 14:12) 
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Gaal 
Principal results of the studies of the aerodynamics of the combustion 
chambers and furnaces. Trudy Inst. energ. AN Kazakh. SSR 2:225-233 
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(Fluid dynamics) (Furnaces) 
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PLOUSO $/262/62/000/01 1/010/020 
AUTHOR: Volis, L. A. 1007/1252 
a 


TITLE: Gn the turbulent wake behind a body 


PERIODICAL: Referativnyy zhurnal, otdel’nyy vypusk. 42. Silovyye ustanovki, uo. Hl. 1962, 34-35. 
abstract 42.11.159. (Tr. Kazakhsk. un-ta), no. 2, 1960, 33-40 


TEXT: An approximate picture of the flow ina turbulent wake behind a body is obtained by superposition 
of a focward homogeneous flow over that generated by a turbulent stream. The solution is based on the fact 
that at Reynolds numbers of about 104 the average motion at a certain distance from, or close to, a body 
becomes stabilized and regular. An infinitesimal stream inducing the final pulse is assumed to exist at a certain 
poiot. The rates throughout the ficld of flow are determined, on the basis of these assumptions, within the 
framework of the houndary-layer theory. In order to determine the flow pattern in a wake behind a bluff 
body its resistance is assumed to be concentrated at a single point, its center, constituting the point-source 
of the pulse wake. At first approximation, the velocity profile of a complex flow can be constructed by geo 
tucttical summation of those of the stream and the uniform flow. Culeulations have shown that at 
Re = 104-105, the zone of reversed flow behind the bodies is: 1.3 diameters for a cylinder, 2 widths for 
a plate; 1.2 diameters for a sphere and 1.9 diameters for a disk. There are 8 references 


{Abstracter’s note: Complete translativo.} 
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Mh 66 ; 1007/1252 
AUTHORS Vulis, L. A. and Kashkarov, V, P. 
TITLE: Boundary layer ona burning cone 


PERIODICAL - Referativnyy zhurnal, otdel'nyy vypusk. 42. Silovyye ustanovki, no. 11, 1962, 34, abstract 
42.11.158. (Tr. Kazekhsk. un-ta), no. 2, 1960, 19-24 


TEXT: Investigations were carried out on the laminar flow of a compressible gas stream emerging from a 
nozzle mounted at the apex of a right cone and forming a jet spreading along the cone surface. The reactions 
taking place are assumed to be of endothermic character. For calculation of the velocity profile, temperature 
and concentration of the reacting gas, the motion in the boundary layer is assumed to bea flowin a semi- 
confined source-jet, the cone surface ta be non-conducting, and its reactivity—to vary with the distance 
from the apex. The system of differential equations thus obtained is integrated by means of Doronitsyn 
variables. Solution of this problem permitted determination of the relationship between the hydrodynamics 
of a compressible gas stream and the combustion theory; results give a qualitative Picture of the interaction 
of a burning gas and the surface of a body. There are 7 references. 


[Abstracter’s note: Complete translation. 
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1008/1208 
AUTHORS 3 Vulis, L.A. and Klinger, V.G. 
STR nememreeneenaneae armani neg 
TITLE: & method of light integration 


PERIODICAL: keferativnyy zhurnal, otdel 'nyy vypusk, 32. Izmoritel!- 
naya toknnika, no.6, 1962, 51, abstract 22.6,324. 
(ir. Kagakhk.un-ta, 1960, noe2, 103-108) ~* 


TEXT: The possibility o1 calevlucing the irradiation of targets, yy 
of the radiation of sources if self-absorption is taken into ac- a 
count, and of tho radiation barrier, etc., by means of an experi- 

mental study of radiatior rays on an optical model (the latter 

sorves as a light integrator), 48 discussed. The simplicity and 

the sufficient accuracy of the method are 4llustrated by moans ‘of 

an example, in which the radiation dose received by a disk-like 

,target from a source of particles of the same shape is determined. 


[Abstracter's note: Complete translation, 
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TEXT: The authors consider a laminar boundary layer on a plate 

with chemical reaction. The following assumptions are made: The 

mixture is binary, the viscosity coefficient is ‘proportional to 

the temperature and is independent of the concentration of the 

mixture components, the specific heats of the components are equal ) 
“9 


--and constant, the thermal and ‘diffusional Prandtl numbers are con- 
',etant, the velocity of reaction at the surface.is V = k exp 


(-E/RT)C, where C is the concentration of the reacting gas, the 
_ coefficient Ko isa function of the length, of the plate, and the 
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' form of this, dependence i chosen in such o way that the problem 
becomes self-modelling. Analytical solution of.the equations of . 
_ the boundary layer is obtained and the conditions of ignition and 
extinction are derived from it. The authors also obtain the de~ 
pendence of the regime of burning ('hysteresis' or inonerdtical'!~...9 
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; “regime ) on dimensionless parameters which detetmine the process. 
j . {Abstracter's note: Complete translation. 7 °. . 
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“TEXT: :- For calculating thecoefficiznts of friction -and heat Sanange a other 
tntegral characteristics), in the transitional flow region, the author ocroposes to 
compute, using certain weighted factors, these coefficients at laminar and turbulent 
: flow conditions. The dependence of the weighted factors on the Reynolds nuaber is 

\ givene The results of calculation based on the method offered are compared with 
experimental results. The tests are tied in with specific ceases: air flow around 
a plate, flow of molten metal in a tube, flow in rough channels. There is satis- 
factory correlation between the test and the calculation. R. UM. Kopyatxevich. 
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‘ABSTRACT: ‘The stationary problem of incompressible viscose conclucting liquid mnov- og 


Asia 
_. :ing as a stream along a flat surface is considered. The problem considers a flow. .'*> : 
‘in a magnetic field normal to the surface which constricts the flow to a semi- ‘ay 
boun space, magnetic field value restricts the Reynolds number values to 


‘auch less than mity. The usual equations of motion are solved by use of similarl-— 

ty transformations and iterative approximatiens where the zero order solution is — 

“that for the nonconducting fluid, It is shown that the ‘Velocity profile is given. 
Rene oe ‘quite accurately by a-single iteration. ‘The solutions are plotted for several ., 
a _ \values of the parameter which determines the Strength of the magnetic interaction. ia 
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TOPIC TAGS: fluid mechanics, gas jet, jet streaz, turbulent jet, diffusion flame, 
yall jet, wake flow, heat transfer, boundary layer, magnetohydrodynamics, jet flow, 
i ‘Navier Stokes equation Wain, A bas Sats ae 
| PURPOSE AND. COVERAGE: This book will be of particular interest to persons concerned = 
~~ po~ with the problems of fluid jet ‘atreams..The-book-1s devoted to the: results of -74 > ¢7— ss 
Soc}o./ investigations ‘of. a broad and yidespread category of. incompressible fluid motions . 
. in the form of laminar and turbulent jets. The development of computational ~~ pet 
“methods applicable to an important type of jet streams -and based on a-consistent. |... 
_. and systematic study of jet flows with a theoretical approach is the aim of this 
“monograph. There are four parts to the book, including a foreword and an intro- : : 
41 @uetions--The- first part-deals with the solutions of jet problems based on the as 
‘exact Navier-Stokes. equations for incompressible fluids and, in particular, with , fe 
the Landau investigation of the propagation of a submerged axially symmetric 
‘viscous fluid jet issuing from a thin tube. The second part contains a detailed 
- analysis of laminar jet stream; of an incompressible fluid by methods of boundary 
layer theory. In addition to free jets flowing into a stationary medium or into 
| .. homogeneous wake flows, semitounded jets (wall jets) are considered. Turbulent jet 
| of liquids and gases are the subjects of the third part, in which self-similar 
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experimental data obtained under the guidance of one of the authors in therm- 
“+ physical. laboratories in Alma. Ata for comparison with the theoretical results. The|- 
-.. fourth part deals with certain theoretical ond experinental problems of jet 
streams which may be regarde(l es complementary to the main topics treated in this 
book. Among them are complex turbulent jet streams, patterns of diffusion flams, 
‘and jets in magnetohydrotynanics.. The authors thank K. E. Dzhaugashtin and L. P. - 
. Yarin for their help in selecting data and in writing Chapters 17 end 18, and also 
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ABSTRACTS. -A-nonuniform dissribution of energy 1s characteristic of the . 


Irapid movement ofa gas. The article surveys several examples of local. 
redistribution of energy and. considers the physical nature of such . 


_jeffects. The first case considered is the flow of » gas from a shock 

‘Itube. After a mathematical development, the article gives a relation- 
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/ 

ABSTRACT: One of the characteristics of MHD flows of a low-temperature plasma is well- 
defined temperature dependence of conductivity. The nonlinearity due to this may lead to 
an ambiguity of steady states and to unique hysteres|s effects. For MHD flows such effects 
were detected elsewhere in the course of numerical calculations of hypersonic motions. An 
elementary theory of the problem for Couette flow has been published, Inasmuch as the 
nature of the phenomena investigated, generally speaking, is not related to a specific type 
of flow, it is natural to assume that an analogous manttestation of nonlinearity is found in 
cases other than those studied in relation to hypersonic motions. From this viewpoint, 

the present authors investigate the practically important case of the flow of a conducting gas 
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in an MHD-energy converter channel. The stury is made in the framework of a quasiuni- 
dimensional steady-state flow at low values of the magnetic Reynolds number and Hall 

parameter. The study is restricted to a general, primarily qualitative statement of the 

problem and some examples which allow the presentation of the final results in a simple 

form. Detailed data for specific cases may be obtained by means of numerical caleulations, 
unrelated to extensive simplification of the problem. Orig. art. has: 7 figures and 20 

formulas. 7 
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